Abstract. Distance measurements of gamma-ray pulsars are challenging questions in present pulsar studies. The Large Area Telescope (LAT) aboard the Fermi gamma-ray observatory discovered more than 100 gamma-ray pulsars, including 34 new gamma-selected pulsars which nearly have no distance information. We study the relation between gamma-ray emission efficiency (η = L γ /Ė) and pulsar parameters, for young radio-selected gamma-ray pulsars with known distance information. We have introduced three generation order parameters to describe gamma-ray emission properties of pulsars, and find a strong correlation between η and ζ3 , the generation order parameter which reflects γ-ray photon generations in pair cascade processes induced by magnetic field absorption in pulsar magnetosphere. A good correlation between η and B L C , the magnetic field at the light cylinder radius, is also found. These correlations can serve as distance indicators in gamma-ray pulsars, to evaluate distances for gamma-selected pulsars. Distances of 35 gamma-selected pulsars are estimated, which could be tested by other distance measurement methods. The physical origin of the correlations may be also interesting for pulsar studies.
Introduction
The distance measurement of pulsars is always a difficult problem in pulsar studies. Trigonometric parallax measurements of radio pulsars are the reliable method, but are only available for the nearby pulsars (< 0.4 kpc). The most common way to obtain radio pulsar distance is based on the computation from dispersion measurement (DM) coupled to an electron density distribution model like NE 2001 model (Cordes & Lazio 2002) . The pulsar distance can be also estimated from kinematic model: the distance of possible associated objects (supernova remnants, star clusters, or HII regions) could be measured from Doppler shift of absorption or emission lines in HI spectrum together with the rotation curve model of the Galaxy. The distance of some pulsars with X-ray emissions can be estimated from X-ray observations of the absorbing column or from correlations in X-ray luminosities versus spin-down power or photon index (Gotthelf 2003; Wang 2009 ). These methods may be available for radio or X-ray pulsars, but for gamma-selected pulsars if no possible associated objects, we would have no any information on their distance.
Presently more than 100 gamma-ray pulsars are discovered by the Fermi/LAT, including 35 gamma-selected pulsars. Distance information for these gamma-ray pulsars is important for pulsar physics studies. Based on the EGRET pulsars, Thompson et al. (1999) found a possible correlation of L γ ∝Ė 1/2 . For the larger sample of gamma-ray pulsars (Abdo et al. 2010) , the young pulsars looks to still follow this relation with a large scattering factors of more than 10. Thus a better correlation in gamma-ray pulsars should be probed for distance estimate for gamma-ray pulsars. 
Distance indicators in gamma-ray pulsars

Distance Indicators in Gamma-ray Pulsars
Gamma-ray emission efficiency (η = L γ /Ė) is an important parameter in gamma-ray pulsars, which varies for different populations of pulsars. With the gamma-ray pulsar sample with distance information, we have studied the possible relations between the efficiency and some pulsar parameters, like spin period, age, magnetic field at light cylinder (B LC ), and three generation order parameters (ζ 1−3 , see details in Wang & Zhao 2004) . We found that there exist strong correlations between η and B LC and ζ 3 (Wang 2011) . With these correlations, we have a possible way to estimate a reliable distance for gamma-ray pulsars with only known P ,Ṗ and F γ .
We use the distance indicators obtained by η − ζ 3 B LC correlations to estimate the distances of the 35 gamma-selected pulsars which nearly have no other distance information (Table 1 ). The evaluated distances by η − ζ 3 and η − B LC correlations are similar, suggesting that two distance indicators can be checked by each other. The distance of some gamma-selected pulsars was also estimated by other methods, which can compared with our estimate. For the Geminga pulsar, we estimate the distance of 0.19±0.07 kpc which is well consistent with the distance value of 0.25 +0.12 −0.06 kpc from the optical trigonometric parallax measurement (Faherty et al. 2007) . For PSR J1836+5925, we estimate its distance as ∼0.3 kpc (corresponding to an efficiency of ∼55%) which is also well below the upper limits of 0.8 kpc according to its thermal X-ray spectrum (Halpern et al. 2007 ). For other gamma-selected pulsars, our estimated distance values are generally below those from other methods, but may be more reliable with the gamma-ray efficiency η generally below 1 .  Fig 1. shows the distance distributions of three classes of gamma-ray pulsars: gammaselected pulsars, radio-selected pulsars and millisecond pulsars. The distances of gammaselected pulsars are provided by the distance indicator of the η − ζ 3 relation. Gamma-ray loud millisecond pulsars distribute at a distance peak around 0.3 kpc because MSPs generally have lower spin-down powers. Gamma-selected young pulsars distribute at the distance peak of ∼1.2 kpc, while radio-selected young pulsars distribute at the distance peak of ∼2.5 kpc. This difference in distance distributions for two classes of gamma-ray young pulsars may involve further interest. The nearby unresolved radio-quiet gammaray pulsars could contribute to diffuse gamma-ray/positron background specially for the high-latitude pulsars located in the Gould Belt (Wang et al. 2005) .
